Two samples from outcrops and six core samples of the clay source rocks from the Shiwanshan and Baise Basins were analysed in order to study the variation of selected organic parameters. A comparison of the samples taken from the outcrops with core samples was then performed. The results indicate a significant alteration of the organic matter at and near the surface. A depletion of about 70% TOC and extract yields was seen. The depth influenced by oxidation was found to be about 50 m. The most significant depletion of the organic matter occurred within 16 m.
INTRODUCTION
There are 24 potentially prospective petroleum and natural gas basins in South China. Their level of exploration is very low. Many samples from outcrops were taken in order to evaluate potential source rocks. The organic matter in the outcropping source rocks, however, has been oxidized and lost near the surface. In order to compare the degree of oxidation of the outcropping source rocks with the non-oxidized source rocks at depth, the oxidation depth and trend of organic matter must be studied. For this purpose samples are taken from the same bed with short intervals between samples. Otherwise, due to facies changes samples could contain different types of organic matter in which case, the results of a comparison are meaningless. In order to study the regularities of the variation in organic parameters from the surface towards depth, eight samples from two profiles from the Shiwanshan and Baise Basins were taken.
The Shiwanshan Basin is located in the Guangxi Zhuang Autonomous Region, South China. It is an elongated basin covering an area of approximately 11525 km 2 with a length of 240 km and a width from 30 to 70 km (Fig. 1) . Although the Shiwanshan Basin is an important possible prospective basin for hydrocarbon exploration in South China only three cores were available from the basin prior to 1998. Geologically, the Shiwanshan Basin is located in the southwestern edge of the South China Plate. The stratigraphy of the basin includes from the Devonian, Carboniferous, Permian and Triassic (Guangxi Geological Survey, 1982) . The investigated source rocks are of Lower Devonian, Permian and Lower Triassic ages. The Baise Basin is also located in the Guangxi Zhuang Autonomous Region. The basin formation and development was controlled by the Youjiang fault. The basin evolved during Tertiary times with fault controlled sediment deposition resulting in Tertiary sediments on-lapping Triassic rocks. The depositional strata are divided into the Nadu, Baigang, Fuping and Jianduling formations. The Nadu formation is of Eocene age and is the main source rock in the Baise Basin. The Nadu source rock is sub-divided into three groups: Nadu 1, Nadu 2 and Nadu 3. The source rock consists mainly of dark clays and limestone with an overall thickness of approximately 1500 m (Pan, 1999) .
In this study, six samples were taken from a cored interval in the well TY1 in the Shiwanshan Basin. The well was drilled near the crest of a fold with the strata being near vertical at the well location. The core was taken along the bedding plane and is assumed to be from the same bed so variation of the source rock properties due to facies change can be ignored. All differences in the organic parameters between the outcrop samples and the core samples is then argued to be caused by oxidation. The well TY1 is located in the Jiangkou village at the southern edge of the basin. The source rock is clay and belongs stratigraphically to the Upper Permian. Two samples were taken from a bed of black shale in the Baise Basin, one from an outcrop the other from a core taken in a well located 600 m from the sampled outcrop.
EXPERIMENTAL 2.1. Petrographic Analyses
The petrographic characteristics of the organic matter were analyzed on polished blocks under reflected white light in the laboratory at the Petroleum University (Beijing). Vitrinite reflectance was measured using a Leitz MPV3 reflected light microscope fitted with a halogen lamp. The reflectance was measured using an oil immersion objective (32x) under a 546 nm filter. The measurement was calibrated using a Leitz glass standard (R oil = 0.889%).
Solvent extraction and liquid chromatography
Finely ground coal samples were extracted using the Soxhlet-extract method for 24 h in the laboratory at the Petroleum Exploration Institute, Chengdu. Prior to performing GC-MS analysis, the extracts were separated into three fractions by column chromatography using pre-washed silica gel (70-230 mesh, 50 (1 cm). The saturated hydrocarbons were eluted with n-hexane, the aromatic hydrocarbons with dichloromethane and the polar compounds (heterocompounds) with methanol (40 ml of each solvent).
Organic Carbon and Sulfur Analysis
The total organic carbon (TOC) contents and total sulfur (TS) were measured using a Leco CR-12 carbon analyser in the laboratory at the Petroleum Exploration Institute, Chengdu. Carbonate were removed from the samples prior to analysis by treatment with concentrated hydrochloric acid.
GC and GC/MS analyses
The gas chromatographic (GC) analyses were carried out on a Varian-3700 gas chromatograph fitted with a silica capillary column (20m 3 0.2mm i.d.) The temperature increase was programmed to go from 80 to 320°C at 4°C/min. GC/MS analyses were performed on a Finnigan-Mat 4021C GC-MS. A fused silica capillary column (25m 3 0.18mm i.d.) coated with SE-54 was used. The column temperature was programmed to go from 80 to 300°C at 4°C/min and then held at 300°C for 20 min. The ionizing voltage was 70eV with helium used as carrier gas.
C, H, O, N, S analyses
The elemental composition of the organic matter was determined in the laboratory at the Petroleum Exploration Institute, Chengdu.
RESULTS AND DISCUSSION

Microscopic analysis
The maceral composition was analysed using a microscope. The macerals consist of bitumen, alginite, sporinite and vitrinite. The bitumens are migrabitumens and make up between 50-80% of the macerals. Alginite reaches between 5-20% of the maceral content, the sporinite reaches between 5-10%, and the vitrinite reaches between 0-20% of total maceral content. A clear difference between the samples from outcrops and the non-oxidized samples from the cores is the color of the macerals. The outcrop samples appear lighter when viewed under the microscope presumably due to the oxidized stage of the outcrop samples. The same phenomenon has previously been observed and reported in a study of oxidized Kupferschiefer samples (Sun and Püttmann, 2001 ).
Geochemical analysis
In the profile from the Shiwanshan Basin, the TOC contents vary from 0.11% to 0.48% (Table 1) . The lowest observed value of 0.11% is from the outcrop sample (C1). The highest observed TOC content of 0.48% is from the deepest core sample (C6), taken at a depth of 44m below the surface. Comparing the outcrop sample C1 with sample C6, there is a difference in the TOC content of 0.37%. Assuming that the surface sample is depleted by oxidation 77% of the original TOC is lost. Most of the depletion occurred between the outcrop sample (C1) and sample C3 taken at a depth of 16 m below the surface. The depletion of the total sulfur contents is not as evident as is the case with the TOC contents. The average total sulfur content is 0.1%, while in the outcrop sample the total sulfur content is only 0.05%. The highest observed sulfur content of 0.14 %, however, is present in sample C2, taken at a depth of 12 m below the surface. This may indicate that majority of the sulfur depletion occurs within the upper 12 m. The extract yields vary from 0.0008% to 0.0028% with the lowest value from the outcrop sample (C1). The highest yield is from the bottommost sample (C6). Comparing sample C1 to sample C6, the surface sample, C1, yielded 71% less extract. The most significant loss of extract yields occurred in a depth of 12 m below the surface.
The elemental composition of the organic matter is listed in Table 1 . According to the regularity of the compositional variation two trends can be defined with C and H defining one trend. Their contents show lowest values in the outcropping sample and increase with the depth. They were depleted by oxidation. S, N and O defines the other trend. Their highest contents occur in the outcropping sample. There may be two reasons for this phenomenon. First, S, N and O are difficult to deplete and keep in organic matter; an alternative reason may be that S, N and O are from inorganic matter by chemical reaction.
Only TOC and extract yields were measured for the samples from the Baise Basin. Both TOC and extract yield from the outcrop sample shows a depletion of 67% and 75%, respectively.
The GC analyses indicate that the contents of C 22+ saturated hydrocarbons in the outcrop samples are lower than any other samples. This may indicate that the longchain compounds are more easily depleted. The highest peak in the outcrop samples is the C 18 , while the C 19 is the highest peak in all other samples. These observations agree with those reported in a study by Sun and Püttmann (2001) . They found that long-chain saturated hydrocarbon in the Kupferschiefer were depleted by oxidation and proposed the following reaction scheme:
The GC and GC/MS analyses of the aromatic hydrocarbons indicate that the dominant compounds are naphthalene, akylated naphthalenes and phenanthrene, akylated phenanthrenes. The relative peaks of phenanthrene, dibenzofuran, dibenzothiophene in the GC traces of the outcrop sample are higher than in other samples. The possible oxidation reaction may be similar to the one proposed by Sun and Püttmann (2001) for the oxidation processes in the Kupferschiefer. 
CONCLUSIONS
Two important conclusions may be given by this study: (1) More than 70% TOC and organic extracts were depleted in clay source rocks in samples taken from outcrops. Therefore, care has to be taken when source rocks are evaluated with respect to organic parameters from outcrop samples. (2) The majority of the loss of organic matter in clay source rocks occurs within the upper 16 m. Therefore, when core samples are used for the evaluation of source rock properties the samples should be taken at depths below 16 m.
